The strength of vulcanisates based on cobalt and neodymium polybutadienes is similar. In terms of improvement in the combination of properties of vulcanisates (elasticity, hysteresis losses, abrasion), the polybutadienes can be placed in the following order: PB (Ti) < PB (Co) ≈ PB (Nd).
When cobalt and neodymium CSs are used, no toxic butadiene oligomers are formed. Entirely soluble butadiene polymers are formed in the case of preliminary holding of the initial aqueous solution in toluene at low temperature [2, 3] . Under these conditions, in butadiene polymers, under the action of cobalt catalytic systems and their components, in contrast to other Ziegler systems, the migration of double bonds leads not to the formation of conjugated double bonds but only to their 1,4-arrangement; these bonds take no part in branching and crosslinking reactions [4] .
The polymerisation of butadiene on cobalt CSs has long been carried out chiefl y in aromatic solvents under the action of compounds of bivalent cobalt, alkylaluminium chlorides, and activators [5] [6] [7] [8] [9] . The activators employed have largely been water and also electron-donor compounds. Recently, the polymerisation of butadiene on cobalt catalysts has also been carried out in aliphatic and alicyclic solvents. In this case it was necessary to develop new CSs, since polymerisation under conditions similar to those in aromatic solvents led to the formation of low molecular weight polymers [10] .
In this work we used a "cobalt octanoatediisobutylaluminium chloride-water" catalytic system in the presence of a small amount of isoprene. The catalytic complex was prepared beforehand in a toluene solution. According to electron spin resonance (ESR), when the components of the catalyst interact in the absence of diene at low temperatures (ranging from -14 to -30°C), a stable complex cobalt(II) compound is formed [2, 11] that, under these conditions, does not initiate the polymerisation process. With increase in temperature to 16-20°C, in the absence or presence of the monomer, another complex cobalt(II) compound is formed that initiates butadiene polymerisation, leading to the formation of high molecular weight PBs [11] . The rates of interaction of the catalyst components and the polymerisation rate depend on the ratio of water to diisobutylaluminium chloride (H 2 O/Al). The dependence of the polymerisation rate on the H 2 O/Al ratio is extremal in nature (Figure 1) . The polymerisation rate in a hexane-toluene mixture (volume ratio 90:10) under optimum conditions is generally higher than in aromatic solvents. The optimum polymerisation rate of butadiene in hexane is observed at an H 2 O/Al ratio of (46-49):100. In the present conditions, the polymerisation of butadiene likewise proceeds under the action of a "cobalt octanoate-methylalumoxane" catalytic system containing a small amount of trimethylaluminium [12] .
With a constant monomer concentration and an optimum H 2 O/Al ratio (in terms of the polymerisation rate), a constant rate of the process is established from the very start, i.e. instantaneous initiation occurs, which is important for the formation of PB with stable structural and molecular weight characteristics ( Figure  2 ) [13] . In the presence of a cobalt CS (Table 1) , the polymerisation rate of butadiene is higher than when a titanium and a neodymium CS are used even with a smaller amount of metal compound, in spite of the greater rate constants of growth k g in the case of titanium and neodymium CSs. This is due to the considerably greater concentration of active centres in the case of cobalt CSs (see Table 1 ). On account of this, in the polymerisation of butadiene under the action of cobalt CSs, the necessary concentration of metal compounds is an order of magnitude lower by comparison with neodymium and titanium CSs.
The H 2 O/Al molar ratio affects the number of cis-units, since this is determined by the ratio of rate constants of growth and anti-syn-isomerisation in the active centre of the growing chain, and under optimum conditions amounts to 97-98% (Figure 3) . Stereoregular PB crystallises at temperatures ranging from -1 to -6°C in the case of cobalt CSs and from 1 to 4°C in the case of neodymium CSs, which indicates the higher cold resistance of cobalt PBs [16] .
The cold resistance of PB increases on any loss of regularity of the structure of the polymer chains. We showed that the introduction of a small number of isoprene units leads to a sharp increase in cold resistance. When even 2% isoprene units is introduced, the coeffi cient of cold resistance at -55°C is 0.55; here, the abrasion of PB changes little. Since isoprene is an electron-donor compound in this system, when it is introduced, a sharp reduction in the amount of water in the system is possible as a result of an increase in the copolymerisation rate of isoprene r 2 ( Table 2) . It was established that the copolymerisation constants of butadiene r 1 and isoprene r 2 at a low water concentration are similar, while at a high water concentration r 1 > r 2 . At a high water concentration, the introduction of isoprene units into the PB chain did not result in any increase in the number of 1,2-units in the butadiene part of the polymer chain, in contrast to its introduction at a low water concentration.
Note. C cat is the concentration of catalyst, C act is the concentration of active centres, and kg is the rate constant of growth. * Solvent toluene

Figure 3. Dependence of content of cis-1,4-units in PB produced under action of "cobalt octanoatediisobutylaluminium chloride-water" catalytic system on ratio of H 2 O to (iso-C 4 H 9 ) 2 AlCl
ethylene and butene, up to 20-50% olefi n enters the polymer chain. Here there is a reduction in the number of conjugated double bonds at the end of the chain [13, 17] .
The formation of branched macromolecules leads to a reduction in the viscosity of the polymerisate and to the disappearance of cold fl ow. In this case, an increase in the productivity of the process of butadiene polymerisation is possible through an increase in the monomer concentration.
In different sectors of industry -the tyre, mechanical rubber goods, and plastics industries -polymers with different degrees of branching are necessary. The butadiene and olefi n present in the polymerised mixture have no infl uence on the degree of branching (branching factor g') since branching proceeds mainly by interaction with 1,5-double bonds of the polymer chain [18] . We developed methods for controlling g'. Variation in the H 2 O/Al ratio proved to be most effective ( Table 3) .
Increase in the polymerisation temperature from 20 to 40°C leads to a reduction in the number of cis-1,4-units to 92-93% and to an increase in the coeffi cient of cold resistance at -55°C from 0.06 to 0.40. However, in this case there is a deterioration in the physicomechanical properties of the vulcanisates.
It was shown that, when 33 parts SKD polybutadiene rubber in the formulation is replaced with highly regular cobalt PB, the coeffi cient of cold resistance of the vulcanisates decreases from 0.63 to 0.51-0.52. The brittle point of the fi nished article (tyre) should be no lower than -60°C. It was shown that the brittle temperature limit of trial vulcanisates based on cobalt PB for the tread of car and lorry tyres and also the sidewall corresponds to that of standard vulcanisates (-62°C).
When SKD is replaced in tyre vulcanisates with highly regular PB, in spite of a reduction in the coeffi cient of cold resistance of vulcanisates based on 100% highly regular polybutadiene, this index remains at a high level.
It is known that polymer chains of PB that are formed under the action of cobalt and nickel CSs have a branched structure owing to the interaction of the active centre with double bonds of the polymer molecules (the reaction of chain transfer to the polymer). The rate constant of reactions of transfer to the polymer chain is much greater than that of reactions of transfer to the monomer and spontaneous decomposition [9] . Under model conditions, in the presence of 14 C-tagged With change in the H 2 O/Al ratio there is a simultaneous change in the Mooney viscosity and in the amount of low molecular weight fraction (molecular weight less than 30 000) (Figure 4 ). With a molar ratio H 2 O/Al = 50:100, branching reactions are practically absent, and linear polymers are formed. The Mooney viscosity increases in a certain range of H 2 O/Al ratios (up to 30:100) and then does not change, although the proportion of low molecular weight fraction continues to decrease, and this fraction is practically absent at an H 2 O/Al ratio of 50:100. For a polymer produced under these conditions, g' = 1.
Thus, the possibility has been shown of synthesising polybutadiene that meets the requirements of the tyre and mechanical rubber goods industry and of highimpact polystyrene production.
